To assess the feasibility of pure natural orifice transluminal endoscopic surgery (NOTES) transvesical venous ligation mimicking bilateral varicocelectomy in an animal model.
V aricocele represents the most common correctable etiology found in adult men with infertility. 1 In the last 20 years minimally invasive treatment options for varicocele, such as antegrade sclerotherapy and microsurgical and laparoscopic varicocele ligation have been popularized and have gained growing acceptance. [2] [3] [4] Among other surgical specialties, urology could be considered the most "minimally invasive." Since the early 1990s, the shift toward less invasive procedures has progressively made endoscopy and laparoscopy the first choice for the majority of urological interventions, overcoming open surgery. 5 In 2004, Kalloo et al described the feasibility of accessing the abdominal cavity by performing endoscopy through a transgastric approach, giving birth to the concept of natural orifice transluminal endoscopic surgery (NOTES). 6 NOTES eliminates the need for abdominal incisions, theoretically resulting in decreased pain, faster convalescence, improved cosmesis, and absence of wound infections and hernias. Since that pioneering report, the concept of performing surgery through natural body orifices has been recognized and investigated. 7 Each access site for NOTES carries individual advantages and pitfalls and, after the initial enthusiasm, many limitations surfaced and jeopardized application in humans. In 2006, the bladder was proposed by Lima as an attractive alternative option for NOTES access, breaking through a classical sanctuary of urology-the wall of the urinary tract. 8 Initial surviving experimental studies have demonstrated the feasibility of an atraumatic method to create a transvesical port, 8 the possibility to reach the thoracic cavity, 9 the usefulness in a combined access (transvesical and transgastric) to perform cholecystectomy 10 and nephrectomy, 11 and, more recently, the safety of endoscopic closure of bladder perforation. 12 Thus, transvesical NOTES access has been adopted only to perform procedures on the upper abdomen and thorax and to assist transgastric procedures for combined NOTES.
The aim of the current study was to assess the feasibility of pure NOTES transvesical venous ligation mimicking bilateral varicocelectomy in an animal model.
MATERIAL AND METHODS

Study Protocol
This was a survival study done in six 35-45-kg female pigs (Sus scrofa domesticus) after approval by the ethical review board of Minho University, Braga, Portugal. The animals were withdrawn from food for 24 hours and from water for 6 hours before the surgical procedure. Each animal underwent transvesical NOTES bilateral varicocelectomy by considering lower epigastric vessels as a model for gonadal vessels. All procedures were performed using general anesthesia, as described previously. 9 Pigs were followed after surgery for 15 days before sacrifice and necropsy examination.
Surgical Technique
A 9.5-Fr ureteroscope (27 002 L, Karl Storz, Tuttlingen, Germany) was introduced through the urogenital sinus and urethra into the bladder with CO 2 distension. The cystotomy site was selected on the bladder dome. A mucosal incision was made with scissors (27 424 U, Karl Storz) introduced in the working channel of the ureteroscope. Subsequently, a 5-Fr open-ended ureteral catheter (Selectip, Angiomed GmbH, Baden-Würt-temberg, Germany) was pushed forward through the incision into the peritoneal cavity. Guided by a 0.035-inch flexible-tip guidewire (RF*GA35153M Terumo Medical Corporation, São Paulo, Brazil), the cystotomy was enlarged with the dilator of a 250-105 ureteroscope sheath (Boston Microvasive, Boston Scientific, Mason, OH), which was enveloped with a 5.5-mm overtube. Then, a 16-Fr flexible video cystourethroscope (11 272VP, Karl Storz) was introduced into the peritoneal cavity through the overtube and allowed to create pressure-controlled CO 2 pneumoperitoneum up to 12 mm Hg using an insufflator (Endoflator, Karl Storz). With the video cystourethroscope in retroflexion, exploration of the upper abdomen and pelvis was performed. Once the internal inguinal ring was identified, lower epigastric vessels were cut and coagulated by using a thulium laser (RevoLix, Lisa Laser Products, Katlenburg-Lindau, Germany). In all animals the procedure was repeated on the contralateral side. The video cystourethroscope was removed and the peritoneal cavity was decompressed through the overtube. At the end of the procedure we observed the inner bladder wall morphology and a 14-Fr Foley catheter was inserted into the bladder.
Postoperative Care
At the end of the surgical intervention, all animals received 1.2 g amoxicillin and clavulanic acid intravenously. Oral feeding was started within the following 24 hours. The bladder catheter was removed 4 days after surgery. The animals were closely monitored for any signs of postoperative complications, distress, behavior changes, and anorexia or weight loss. They were evaluated daily and followed for 15 days. Animals were sacrificed and necropsy examination was then performed, with particular attention to the vesical incision site and lower epigastric vessels.
RESULTS
Cut and coagulation of the lower epigastric vessels with thulium laser by the pure NOTES transvesical approach was successfully performed in all 6 pigs. The surgical steps to create the transvesical port (cystoscopy, bladder mucosal incision, cystotomy, and transvesical overtube passage) were easily and rapidly performed without complications.
Video cystourethroscope was used most of the time in retroflexion, allowing an easy visualization of the anterior abdominal wall and lower epigastric vessels bilaterally in all the procedures ( Figure 1A ). The introduction of the thulium laser fiber through the working channel did not encounter any difficulty during the procedure and the cutting and the coagulation of the vessels was safely performed under visual control (Fig. 1B , C) without hemorrhage in all animals. Thulium laser vessels ligation was clean and rapid, with excellent hemostasis. Withdrawing the fiber tip away from the tissue allowed coagulation of larger vessels and achieved complete hemostasis. The largest vessel coagulate was 4.2 mm in diameter.
Median time for the overall procedure, including establishment of the transvesical port, was 23 minutes (range [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Procedure time decreased with experience. Smoke did not appear to be a limitation of the technique, because vessel ligation was quickly achieved in all animals. Intraoperative blood loss was insignificant. At necropsy, exploration of the entire peritoneal cavity, anterior abdominal wall, and bladder showed complete healing of the bladder wall incision, no visceral injury, and complete coagulation and separation of the lower epigastric vessels (Fig. 2) .
COMMENT
Most of the current surgical approaches to varicocele are based on interruption of pathologic venous drainage route of the testis, with ligation or occlusion of the internal spermatic veins. Although providing an alternative to the open technique, the laparoscopic approach carries higher costs, being therefore considered appropriate only for bilateral varicocele. 13 Although less invasive, angiographic occlusion appears to have higher failure rates.
14 Recently, Kaouk et al presented their initial experience in 3 children undergoing single-port laparoscopic left varicocelectomy. 15 NOTES represents an appealing concept to pursue in minimally invasive procedures and it is currently in its early stages of development in visceral surgery. 6, 16 To bring it closer to the routine clinical setting, the ideal way to access the peritoneal cavity through a natural orifice remains to be determined. Certainly each site has individual advantages and pitfalls and after the initial enthusiasm, many limitations surfaced and jeopardized application in humans.
The first historically applied access for NOTES-the transgastric approach 17 -presents some restrictions. The per-oral route is not sterile and certainly bacteria will gain access to the peritoneal cavity. The views of the upper abdominal organs, such as the liver and the gallbladder, are limited; these organs require retroflexion for the endoscope, as opposed to views of pelvic organs that are in the direct line of vision of a transgastric endoscope. 18 The optimal site of the gastrotomy to provide safe entry has to be elucidated. Reliable endoscopic gastric closure technique must be developed and improved. 19 As all other cavities were explored, the first conclusion we made was that lower abdominal ports might be better for upper abdominal procedures and useful as an accessory port for transgastric access.
The transvaginal approach seems to be the most reliable for human application at this time. Secure closure can be readily attained using the standard surgical technique, and several procedures have been described in the gynecologic literature of using the vagina to access the peritoneal cavity with low complication rate. 20, 21 The vagina has also been described as a route for specimen extraction. This has fostered the translation of NOTES transvaginal access to the clinical arena with the recent description of pure NOTES transvaginal nephrectomy in humans. 22 The major limitation of the transvaginal route is that it can be used only in female patients. Moreover, sexual function and quality of life issues remain to be determined. 23 The transcolonic approach allows good access to the peritoneal cavity, mainly for the upper abdomen, but the risk of peritoneal infection is high and refinements in colonic preparation, luminal sterilization, and closure technique will be required before translation to human. In 2006, Lima et al were the first to introduce the bladder as a portal for NOTES. 8 In 2007, the same group reported on a combined transvesical and transgastric porcine cholecystectomy and concluded that transvesical access facilitated visualization and dissection during cholecystectomy. 10 In the same year, Gettman and coworkers, after preliminary cadaveric studies, applied transvesical NOTES in the clinical setting by performing, without complications, a transvesical peritoneoscopy on a man before a robot-assisted prostatectomy. 25 Transvesical access offers an appealing access route to the peritoneal cavity, overcoming almost all of the drawbacks of other routes. Cystotomy usually heals spontaneously by keeping the transurethral catheter in place. 8 The urinary tract is normally sterile, thus in theory the risk of infections and intraperitoneal or retroperitoneal contamination should be minimized. Recently, McGee and colleagues examined the resultant microbial contamination of the human peritoneum after transvesical incision and exposure of the abdomen to bladder contents during robot-assisted laparoscopic prostatectomy. The authors concluded that prolonged peritoneal exposure to bladder contents demonstrates minimal contamination of the abdominal cavity and is without postoperative infectious significance. 26 Bladder location, in the most anterior portion of the pelvic cavity, enables easy peritoneal access above bowel loops, theoretically minimizing the risk of complications. This approach also offers a visualization of all the intraperitoneal structures with a direct line of sight; they offer an en face orientation of the upper abdominal organs, allowing better visualization and the ability to work straightforwardly. Spatial orientation is easier than that offered by the per-oral or transcolonic approach. Although lower abdominal ports are better for the upper abdominal organs approach and vice versa, and the pelvic cavity can be easily approached through the dependent direction, we did not find major difficulties because most of the procedure is performed in retroflexion. Manual deflection of the flexible cystoscope, a technique well known to most urologists, permitted precise control of laser fiber for vessel coagulation.
Laparoscopic surgery requires sufficient dissection devices in terms of safe and fast tissue cutting and vessel closure. Thulium lasers have a 2-m wavelength that matches the water absorption peak, allowing efficient tissue cutting with limited thermal damage. The main advantage of the thulium laser might be that time-consuming instrumentation changes are reduced, increasing working speed because significantly less bleeding occurs or it could be handled by the laser itself. The optimum condition for use of this laser is submersion in a low flow of saline or water, because in a dry environment there is an excessive generation of smoke, with poor visualization of the tissue. Ex vivo studies suggest that irrigation could help to reduce smoke during laparoscopic surgery. 27 Vessel coagulation was quickly achieved in our experience and this did not appear to be a limitation of the procedure. In 2007, Theisen and colleagues confirmed that small (Ͻ0.5 mm) and larger (1-2.3 mm) vessels were successfully occluded, with the 2-m laser scalpel, up to 89-100% and 65-74% respectively. 28 In general, coagulation is obtained by contraction of the vessel wall caused by the thermally induced shrinkage of surrounding tissue and formation of an endoluminal coagulum. Regarding the potential benefits of this method to cut and coagulate vessels endoscopically, we believe that it may be possible to avoid the need of ligation or clipping. Bilateral lower epigastric vessels coagulation in a porcine model was intentionally chosen because it anatomically mimics a current procedure performed in human males-laparoscopic varicocelectomy. Furthermore, these vessels have similar caliber to human gonadal vessels near the entrance of the inguinal ring. In our experience, coagulation was easily achieved under visual control without hemorrhage in all the animals.
Despite these potential advantages, several issues remain to be answered. Would it be possible to easily handle and perform procedures through the transvesical port in a human model? Attempting to answer this question, Branco et al recently reported that peritoneoscopy and liver biopsy using a rigid ureteroscope through a transvesical port is feasible in a human male cadaver. 29 For bilateral varicocelectomy, one of the major problems of this route may be the length of the male urethra, because the flexible video cystourethroscope size is short. Probably, in the near future, biomedical engineering will need to develop longer scopes and instruments. Will it be possible to use thulium laser to coagulate a vessel as large as a dilated human gonadal vein that can be larger than 3 mm? Thulium laser seems to be a promising hemostatic device for high-precision dissection and coagulation during interventions via the NOTES approach. Boylu et al evaluated the feasibility of NOTES transgastric partial nephrectomy with a nonischemic approach in a porcine model. 30 After incision of Gerota's fascia, the left kidney upper pole was excised using the thulium laser without hilar dissection or clamping. Although steering the laser fiber with the gastroscope deflection was challenging, they confirmed that thulium laser was able to cut the tissue and simultaneously coagulate the vessels successfully.
Finally, there were limitations in the present study. Albeit effective in mimicking a varicocelectomy procedure, the animal model adopted herein carries its own drawbacks. A division of the epigastric vessels was performed instead of a real bilateral varicocelectomy. The adopted model was created by using female pigs. It would have been interesting to use male pigs to evaluate a spermatic cord and to decipher spermatic veins vs artery and vas deferens. However, male pigs were not used because of anatomical limitation due to the length of the male pig urethra, because the length of the flexible cystourethroscope would have been insufficient. Therefore, it remains to determine whether the challenges of dividing the epigastric arteries in a female pig are the same as the challenges that would be encountered with managing the testicular artery veins and vas deferens in a male model. Despite the successful occlusion of epigastric vessels by using laser, suitability of the laser for occluding spermatic veins remains to be demonstrated. Again, the challenges that could be encountered during a real varicocelectomy procedure, where fine dissection between structures to be sectioned and those to be spared, are not addressed in this experimental model. New instrumentation is expected to aid in further development of this field of research.
While looking forward to specialized suturing devices that should be developed for further NOTES applications, we provide initial evidence that bilateral varicocelectomy by applying thulium laser might represent a simple intraabdominal surgical procedure with low hemorrhagic risk. However, much study is still needed to refine techniques, verify safety, and document efficacy before translation into humans to minimize unexpected complications.
CONCLUSION
An animal model mimicking a NOTES transvesical bilateral varicocelectomy procedure by using thulium laser is successfully shown in the present study. Despite encouraging results, these novel findings need to be interpreted with caution, and further research using the transvesical approach is warranted. Development of purpose-built platforms and devices are awaited to expand the potential urological applications of NOTES.
